In this paper, we propose a simple tool to help the energy management of a large buildings 1 stock defining clusters of buildings with the same function, setting alert thresholds for each cluster, 2 and easily recognizing outliers. The objective is to enable a building management system to be used 
It highlights, as described by Keller [42] , relationships among variables as in a correlation matrix,
125
where single scatter plots between two attributes of the datasets are plotted within the same graph.
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The Scatter Plot Matrix can be understood as a generalization of a single Scatter Plot. With respect to 127 the energy field, for instance, Corgnati et al. [43] proposed the use of a single Scatter Plot based on 128 two attributes -i.e. the annual building consumption and the annual electrical building consumption 129 per square meter -in order to identify the top interventions priorities within a large building stock,
130
while Cottafava et al. [44] proposed two other attributes in order to identify buildings with the most 131 inefficient lighting and heating schedules: electrical building consumption per square meter and 132 the day/night energy efficiency index (a ratio between energy consumption during the weekday 133 working hours and during the night/weekend). Thus, the Scatter Plot Matrix could be exploited as a 134 preliminary analysis method useful to identify the top/bottom priorities with respect to three, or more, 135 attributes of a datasets. 
Data Clustering algorithms

147
Data Clustering is a process of detection of different groups within a specific dataset in order 148 to identify patterns or subsets, i.e. clusters, as well as outliers. Clustering process aims to identify 149 clusters where "Instances, in the same clusters, must be similar as much as possible", meanwhile "Instances,
150
in different clusters, must be different as much as possible" [45] . Clustering, in particular, is an unsupervised 151 process where instances (objects) have no initial label (i.e. assigned cluster) given by data scientists 152 and researchers but the cluster configuration depends on the chosen algorithm and on the adopted 153 similarity measures and distance metrics.
154
Distance metrics
155
Metrics depend on, as reviewed by Xu et al. [46] , the adopted definition of distance. The most common used definition, for quantitative measures, is the Minkowski distance of order p:
where d = n. of dimensions, x ij = value of the attribute j of the object/point i and D ij is the distance between 156 the point i and the point j. For precise p the Minkowski distance is defined as the Euclidean distance Evaluation consists in the process of testing of the validity of the chosen algorithm. Evaluation indicators may be subdivided into two categories: internal evaluation and external evualuation. The first one refers to data within the same cluster, while the second one refers to similarity evaluation among data lying in different clusters [47] . Some of the most widely adopted internal evaluation methods are: i) the Within-Cluster Sum of Square [48]
iii) the Silhouette Index [50]
where
where n = total number of points, x j i = point i lying in cluster j, k = n. of clusters, c x = 163 the centroid of the cluster x, σ x = the mean distance between any data in cluster x and the centroid of the analysed the elbow method based on the within-cluster sum of square, method introduced by Robert (1-9), the night/day energy efficiency index, the energy consumption per user and the energy consumption per square meter.
Dataset and indices description 238
As briefly mentioned in the introduction, the selected case study for testing the simple tool for Data Visualization Techniques.
281
The proposed clusters have been tested with two types of visualization: the Scatter Plot Matrix, a 282 dimensional sub-setting method (Fig. 1) , and the Parallel Coordinates method, an axis reconfiguration 283 technique (Fig. 2) . First, our approach consists to separate the chosen cluster from all the other ones in 284 order to define, in a qualitative way, cluster thresholds and to look for anomalies and outliers. Second,
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hypothesis have to be tested in order to identify alert thresholds and outliers. The first step can be 286 achieved thanks to the brush functions of the two proposed visualizations. As shown in Fig. 1a and 
290
[73] and as publicly available at https://goo.gl/o4nn4f. Fig. 1 shows the whole buildings' stock of starting from the bottom-left graph, report the following attributes: Type of building, the day/night energy 293 efficiency index, the annual energy consumption per user and the annual energy consumption per meter square.
294
The four graphs on the diagonal, as for a correlation matrix, has the same attribute both on x-axis and depts. -without lab.), sky-blue (Large complexes), yellow (Libraries) and pink (Sport infrastructure).
299
In particular, Fig. 1a reports, as an example, the Humanities Departments and Fig. 1b shows the
300
Administrative Offices of the University of Turin. This visualization configuration allows to check if 301 buildings with the same label lye on the same 1-D cluster, simply observing points distribution on 302 the left and bottom plots. The tool here described is publicly available at https://goo.gl/ZJem9h.
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The Parallel Coordinates method also allows to display various attributes for hundreds points with 304 a different visualization configuration. This approach permits data miner to analyse dependent, or Comparison between DataViz and k-means clusters.
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Once chosen the best number of clusters (k = 9), two external evaluation indices -the Rand Index shown. By clicking on it, the polyline is highlighted as seen in Fig. 4 , where "Biblioteca Dip. Scienze
359
Filologiche" (yellow) and the "Rettorato" (red) stand out. The tool here described is publicly available 360 at https://goo.gl/YuPTRB. 
Discussion
362
The first aim of this paper was to determine a process to set general hypothesis on building
363
clusters with respect to energy efficiency indices. A clusters hypothesis has been previously stated 364 relying on the background knowledge of the energy management staff at the University of Turin. We 365 envisage this step as a limit of this study, since it requires a preliminary effort by a human task force 366 that can be not always reliable, available, competent or even present. However, the time required in 367 this phase is widely compensated by the easiness of the subsequent steps and the replicability of the 368 monitoring phase in each institution able to offer at least the energy bill data source.
369
The clusters hypothesis has been made based on main buildings function and then it has been 370 verified via to two methodologies for the identification of buildings clusters: a data visualization 371 approach and a clustering algorithm.
372
The data visualization approach allowed to recognize the validity of the clusterization hypothesis.
373
In fact, after labelling each building with a precise function, it is possible to match each building within 374 reveals that a possible new cluster hypothesis should include a multifunctional building cluster. Finally, 
